INTRODUCTION
============

The success of a dental restoration depends upon a number of factors such as the material chosen, its mechanical properties, anatomical form, surface texture, translucency and colour. The most common aesthetic restorative material used in day to day practice for crown and bridge work is porcelain fused to metal (PFM) because of its excellent mechanical properties.[@B1] However, the much superior aesthetic outcome of metal-free ceramic restorations has led to their increasing popularity, especially in the anterior regions of the mouth.[@B2]

The major drawbacks of porcelain fused to metal restorations are lack of aesthetics, the possibility of metal allergies and the delamination of the veneering porcelain. In order to overcome the unaesthetic metallic hue seen in PFM restorations, dental research began to be directed towards metal-free ceramic restorations to improve the aesthetic outcome. Research and development led to the development of many metal-free ceramic systems, wherein ceramic substructures were introduced which were subsequently veneered with porcelain providing relatively superior aesthetics.[@B1] However; these newer ceramics are prone to failures owing to their poor mechanical properties.[@B3],[@B4]

Glass ceramics with leucite and lithium disilicate reinforced crystals have proven to be successful aesthetic options in the anterior aesthetically demanding regions of the jaw.[@B5] However, these restorations cannot withstand the mechanical load of more than one pontic in the anterior region and are contraindicated in the load bearing posterior regions because of their poor flexural strength.[@B6]

The search for a material with mechanical properties similar to PFM, superior biocompatibility and aesthetics similar to glass ceramics has led to the rapid evolution of dental zirconia. 3 mol% yttrium stabilized tetragonal zirconia polycrystalline (3Y-TZP) ceramics have gained tremendous popularity as restorative materials as a result of their excellent mechanical properties,[@B3],[@B4],[@B7] good biocompatibility, and relatively good aesthetic properties.[@B7]

However, the conventionally available 3Y-TZP restorations are quite opaque owing to the large grain size and the presence of porosity which is evident at the microstructural level of these materials.[@B8],[@B9] The esthetic outcomes with these restorations are not as superior to lithium disilicate and leucite reinforced ceramics.[@B7] Newer translucent varieties of zirconia have been developed recently, with the objective of improving their transmittance, so that they can be used in esthetically demanding clinical situations.

Studies done on these newer materials have shown that they are more translucent than conventional zirconia and demonstrated approximately two thirds more flexural strength than lithium disilicate.[@B10]

Use of translucent zirconia has the potential to eliminate delamination of the veneering ceramic, which has been known to be a common clinical problem and also reduce the amount of tooth preparation required.[@B11] This study was undertaken to evaluate the light transmittance of this translucent variety of 3Y-TZPs at different wavelengths and compare it to lithium disilicate.

MATERIALS AND METHODS
=====================

Four groups of materials were prepared and evaluated in this study. Group 1- Conventional zirconia (Metoxit Dental Pre-Sintered Zirconia Blocks, High Tech Ceramics, Liechtenstein Lot No. 0019481), Group 2- High translucency zirconia (Metoxit Dental Pre-Sintered Zirconia Blocks, High Tech Ceramics, Liechtenstein Lot No. 0019832), Group 3- Conventional lithium disilicate (IPS e.max LT Shade A2, Ivoclar Vivadent, Liechtenstein Lot No. P83594.) and Group 4- High translucency lithium disilicate (IPS e.max HT Shade A2, Ivoclar Vivadent, Liechtenstein Lot No. P76936). 12 circular discs of 1 millimeter thickness and 1 centimeter diameter were fabricated for each group.

The linear sintering shrinkage for the batch of conventional pre-sintered zirconia batch was 21%. The pre-sintered zirconia was milled using diamond discs and sintered diamonds attached to a mandrel into discs of 1.28 mm height and 1.2 cm diameter. These discs were then sintered as per the manufacturer\'s guidelines. The thickness of the pre-sintered samples and samples post sintering were verified using a digital vernier calliper (0-200 mm, Aerospace, China). Following finishing and polishing, the dimensions of all the samples were maintained at 1mm thickness and 1cm diameter, with a variation up to +/- 0.01 mm.

A similar procedure was followed for fabrication of samples of the high translucency zirconia using a pre-sintered high translucency zirconia block.

A cobalt chromium mould having height of 1 mm and diameter 1 cm was used for fabrication of wax patterns for the lithium disilicate samples. The mould was CAD-CAM milled from a block of cobalt chromium (Cobalt-Chromium alloy-d.Sign, Ivoclar Vivadent, Asia). The thickness of the wax patterns was verified using a digital vernier calliper. The patterns were then invested and pressed as per the manufacturer\'s instructions. After the pressing was completed the ring was divested and cleaned using 1% hydrofluoric acid in an ultrasonic cleaner. The discs were then finished using porcelain finishing burs and their dimensions were reconfirmed. The dimensions were kept exactly the same as those of the zirconia samples. The high translucency lithium disilicate samples were prepared following the same protocol.

Transmittance is a measure of the fraction of incident light at a specified wavelength that passes through a sample. The translucency of dental porcelains can be studied by measuring direct transmission (when light goes through without a change in direction or quality), total transmission (combination of direct and diffuse light transmission) and spectral reflectance (fraction of incident light that is reflected at an interface such as porosity). The transmittance of the samples was measured using a dual beam UVSpectrophotometer equipped with an integrating sphere (Beckman Acta C III UV-visible spectrophotometer, Beckman Instruments, Inc., Irvine, CA9266, USA)([Fig. 1](#F1){ref-type="fig"}). Air was used as the reference. Diffuse light transmittance measurements were made from the 200 nm to 800 nm wavelength range. A black cardboard sample holder (1.25 cm × 1.25 cm × 4.5 cm) with a central orifice of 8.5 mm diameter was used to position the specimens in front of the sphere holder ([Fig. 2](#F2){ref-type="fig"}). Data was recorded with a computer connected to the spectrophotometer, and a graph of light transmittance percentage per nanometer was obtained by using Origin 6.1 software (Microcal Software Inc., Northampton, MA, USA) for each ceramic specimen. Digital readings at 525Å were recorded and used for the calculations.

One way analysis of variance (ANOVA) test was used for multiple group comparisons followed by Tukey-Post Hoc test for group wise comparisons.

Field emission scanning election microscope (FE-SEM) (JEOL JSM 7600F Field Emission Scanning Election Microscope) was used to study the microstructure of both the zirconia and lithium disilicate material.

RESULTS
=======

The transmittance values for the samples from all groups and their comparisons are presented in [Table 1](#T1){ref-type="table"}. Transmittance values were highest for Group 4 (high translucency lithium disilicate) showing mean transmittance values of 0.207759. Group 3 (conventional lithium disilicate) had mean transmittance value of 0.158738 which was marginally higher than Group 2 (high translucency zirconia samples) whose mean value was 0.143969. Group 1 samples (conventional zirconia) had the least values of 0.065015. The relative translucency of the different groups of samples is represented in [Fig. 3](#F3){ref-type="fig"}.

High translucency lithium disilicate showed highest direct transmittance values which were statistically highly significant (*P*=.000)([Table 2](#T2){ref-type="table"}). Conventional lithium disilicate showed transmittance (*P*=.000) values higher than highly translucent zirconia which was statistically significant (*P*=.000). Conventional zirconia had the least transmittance (*P*=.000).

Scanning electron microscopy (SEM) of the high translucency zirconia samples showed nano sized crystals, with the external outline of the crystals depicting a polyhedral structure. Minimal nano sized porosity was seen. The grain sizes varied ranging from 50 nm to 400 nm for the high translucency zirconia samples ([Fig. 4](#F4){ref-type="fig"}) as compared to the conventional zirconia which showed diffuse porosity ranging from 200 nano microns to 1.5 microns ([Fig. 5](#F5){ref-type="fig"}).

The lithium disilicate samples on scanning electron microscopy showed that the crystals were well merged with the matrix ([Fig. 6](#F6){ref-type="fig"}). The crystals could not be differentiated from the matrix. Arrangement of the crystals was irregular with some spacing seen. The high translucency lithium disilicate samples showed well aligned parallel crystals with no spacing. The white spots seen are the colouring dopants ([Fig. 7](#F7){ref-type="fig"}).

DISCUSSION
==========

The translucency of the core is one of the most important determinants of the aesthetic properties of metal-free ceramic restorations.[@B12],[@B13] The zirconia core is not as translucent as other dental metal-free ceramic materials such as glass-ceramics.[@B14],[@B15] Therefore, by increasing the translucency of the zirconia core, the aesthetic properties of a dental restoration can be improved. The ultimate aim is to eliminate the use of veneering porcelain, thereby eliminating the problem of porcelain delamination[@B16] and enabling the clinician to employ more conservative tooth preparation designs. [Fig. 4](#F4){ref-type="fig"}. Scanning electron microscopic image of high translucency zirconia. [Fig. 5](#F5){ref-type="fig"}. Scanning electron microscopic image of conventional zirconia. [Fig. 6](#F6){ref-type="fig"}. Scanning electron microscopic image of commercially available lithium disilicate. [Fig. 7](#F7){ref-type="fig"}.

The translucency of dental ceramics can be evaluated through direct transmission, total transmission and via spectral reflectance. Total transmission increases with increasing wavelength of light as mentioned by the Rayleigh scattering equation. The transmittance of all the samples were studied at a wavelength of 525 Å in accordance with Brodbelt\'s methodology of studying translucency of dental porcelains.[@B17]

Translucency of dental porcelains is known to be affected by various factors such as grain boundaries, pores, second- phase of component, and light scattering from rough surfaces.[@B18] The translucency of glass ceramics depends largely on the amount of crystals within the glassy matrix[@B14],[@B19] and the size of the particles compared with the incident light wavelength.[@B20] Another factor that interferes with light transmission is the difference in the refractive index between the crystals and the glassy matrix. The refractive index is measured as the amount of reduction in the speed of light when passing through a medium. Leucite (1.51) and lithium (1.55) have similar refractive indices to the glassy matrix (1.50).[@B15] Presence of porosity in these glass ceramics tends to have a higher influence on the light transmission than the crystals themselves. The mismatch between the refractive indices of the air porosity (1.00) and that of the glassy matrix may lead to a significant light scattering effect.[@B15]

High translucency lithium disilicate showed the highest transmittance values (0.207759Å). This could be attributed to the refractive index of the lithium disilicate glass crystals matching to that of the glassy matrix. The absence of porosity prevents scattering of the light, thereby improving transmittance values. A linear well-organized crystalline structure was seen with the high transmittance glass ceramics. The significantly lower transmittance values for the conventional lithium disilicate may be attributed to the irregular arrangement of the crystals leading to increased scattering and reflectance.

The significantly superior mechanical and biological properties of 3 mol% yttrium stabilized zirconia along with its biocompatible features have resulted in its increasing popularity amongst clinicians and researchers. Polycrystalline materials are known to show high transmittance when the grain sizes are small and uniform in size with minimal porosity.[@B18] Dopants such as alumina are added to improve the phase stability and to reduce ageing. However the presence of alumina because of its different refractive index to zirconia increases the scattering of light and reduces the translucency.

Lowest transmittance values (0.065015 Å) were seen with conventional zirconia. This is attributed to the presence of porosities larger than 50 nano microns which affect transmittance[@B21] ([Fig. 5](#F5){ref-type="fig"}). The high translucency zirconia showed a significant increase in transmittance values (0.143969 Å) over that of conventional zirconia. This is due to the significantly reduced frequency and size of the porosity seen with this newer material ([Fig. 4](#F4){ref-type="fig"}). The material also showed a more uniform grain size and configuration than the conventional zirconia.

Conventional lithium disilicate showed higher transmittance values (0.158738 Å) than the high translucency zirconia (0.143969 Å). This difference was statistically significant. Lithium disilicate restorations with opaque cores are currently used for cases wherein the tooth to be restored is non-vital or discoloured to mask the hue of the prepared stump.[@B22],[@B23] Zirconia having similar optical properties can be a better substitute for glass ceramic restorations because of its superior mechanical properties.

The aesthetic demands of clinicians and patients have led manufacturers to improve upon the translucency of zirconia and lithium disilicate ceramics. This study clearly demonstrates that the high translucency zirconia and lithium disilicate have significantly more transmittance than the conventional variants. This can be attributed to the manufacturing procedures of these materials. Some of the methods documented in the literature for obtaining more dense, less porous, more translucent zirconia are hot isostatic pressing, microwave sintering, spark plasma sintering etc.[@B9],[@B18],[@B24] However despite the significant improvement in transmittance, high translucency zirconia is still below par when compared with today\'s aesthetic gold standard material, lithium disilicate.

One of the greatest drawbacks of zirconia restorations compared to lithium disilicate is the tendency for delamination of veneering ceramic from the core.[@B16] The ability of bonding lithium disilicate to tooth structure is also an advantage over zirconia restorations. Monolithic restorations used popularly today are not as esthetic as core veneered zirconia restorations or lithium disilicate restorations. The authors believe that if the translucency of zirconia could be increased, thereby favorably reducing its refractive index values from 2.2 to that of the aesthetic glass ceramics whose refractive index is 1.5, the need for using veneering ceramic can potentially be eliminated.[@B9] This would permit life like restorations with larger spans providing aesthetics similar to glass ceramics. This would also reduce the amount of tooth preparation required, thus help conserve more tooth structure. It will broaden the horizons for use of zirconia as laminates and veneers.

CONCLUSION
==========

Within the limitations of the study, it can be concluded that high translucency lithium disilicate is the most translucent material amongst the materials studied. High translucent zirconia is significantly more translucent than conventional zirconia. However, the increase in transmittance achieved with high translucency zirconia is significantly less compared to even conventional lithium disilicate. Further research is needed on improving the microstructural features of zirconia materials in order to enhance their translucency.
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